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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a 
magnetoresistance effect element or the like exhibiting a * 
high magnetoresistance change rate and having a good 
bias point. 

SOLUTION: The magnetoresistance effect element 
comprises a magnetoresistance effect film 28 having a 
first ferromagnetic layer 21 , a first nonmagnetic layer 19, 
second ferromagnetic layers 13, 17 having a 
magnetization of a second direction, a second 
nonmagnetic layer 9, a third ferromagnetic layer 7, and a 
layer 15 containing an oxide as a main component and 
formed in the second ferromagnetic layer, and a pair of 
electrodes 31 electrically connected to the film 28 to 
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supply a current in a direction reverse to a second direction of a current magnetic field in the 
third ferromagnetic layer 5. Thus, a direction of a leakage magnetic field to be applied from 
the third layer 5 to the first layer 21 can be set to a direction for cancelling a direction of the 
magnetic field obtained by a sum of interlayer coupling magnetic field of the layer 21 and the 
layers 13, 17 by interlayer coupling from the second layers 13, 17 to be apphed to the first 
layer 21 to the leakage magnetic field, current magnetic field. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] A magneto-resistive effect film characterized by providing the following, and a magneto- 
resistive effect element characterized by having an electrode of a pair which passes current on said 
magneto-resistive effect film so that the direction of a current magnetic field in said third ferromagnetic 
layer may become contrary to said second direction An impression magnetic field is equipped with 
magnetization of the first direction by zero state, and it is the first ferromagnetic layer with said 
pivotable magnetization under a predetermined impression magnetic field. The first non-magnetic layer 
by which laminating formation was carried out at said first ferromagnetic layer The second 
ferromagnetic layer to which laminating formation is carried out at said first non-magnetic layer, and 
said impression magnetic field holds magnetization of the second direction under a zero state and said 
predetermined impression magnetic field A layer containing an oxide and a nitride which were formed 
in a non-magnetic layer of ** NI by which laminating formation was carried out, and a non-magnetic 
layer of said ** NI in a ferromagnetic layer of said ** NI between said second ferromagnetic layer and 
said second non-magnetic layer in the third ferromagnetic layer by which laminating formation was 
carried out, and a layer of said second ferromagnetic layer, carbide, or fluoride 

[Claim 2] Sense of a leakage magnetic field impressed to said first ferromagnetic layer from said third 
ferromagnetic layer A leakage magnetic field from said second ferromagnetic layer impressed to said 
first ferromagnetic layer, A magneto-resistive effect element according to claim 1 characterized by being 
the direction which negates sense of a magnetic field acquired by the sum of a current magnetic field 
and a layer joint magnetic field by association between layers with said first ferromagnetic layer and 
said second ferromagnetic layer. 

[Claim 3] A magneto-resistive effect element according to claim 1 or 2 characterized by having the third 
non-magnetic layer which contains an element of Cu, Au, or Ag by which laminating formation was 
carried out in a field which touches said second non-magnetic layer of said first ferromagnetic layer, and 
a field of the opposite side. 

[Claim 4] A magneto-resistive effect element given in claim 1 characterized by average thickness of said 
first ferromagnetic layer being 3nm or less thru/or any 1 term of 3. 

[Claim 5] A magneto-resistive effect element given in claim 1 to which magnetic thickness of said third 
ferromagnetic layer is characterized by 1.8 or more nmTs being 4.5 or less nmT by material conversion 
of saturation magnetization IT thru/or any 1 term of 4. 

[Claim 6] said third ferromagnetic layer - a CoFe alloy - more than 50atomic% - a magneto-resistive 
effect element given in claim 1 to which it contains and average thickness is characterized by lnm or 
more being 2.5nm.or less thru/or any 1 term of 5. 

[Claim 7] A magneto-resistive effect element given in claim 1 to which average thickness of a layer 
containing said oxide, a nitride, carbide, or fluoride is characterized by lnm or more being 2nm or less 
thru/or any 1 term of 6. 

[Claim 8] A magneto-resistive effect element given in claim 1 characterized by having an 
antiferromagnetism layer which is formed between said second ferromagnetic layer and said second 
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non-magnetic layer, and touches said second ferromagnetic layer thru/or any 1 term of 7. 

[Claim 9] The magnetic reproducing head characterized by equipping claim 1 thru/or any 1 term of 8 

with a magneto-resistive effect element of a publication. 

[Claim 10] A magnetic regenerative apparatus characterized by carrying the magnetic reproducing head 
according to claim 9. 

[Claim 11] Magnetic storage characterized by equipping claim 1 thru/or any 1 term of 8 with two or 
more magneto-resistive effect elements of a publication. 

[Claim 12] A resistance detection method of a magneto-resistive effect film characterized by for a 
current magnetic field in said third ferromagnetic layer passing current in said second direction and the 
direction which becomes reverse, and detecting resistance of said magneto-resistive effect film at a 
magneto-resistive effect film characterized by providing the following An impression magnetic field is 
equipped with magnetization of the first direction by zero state, and it is the first ferromagnetic layer 
with said pivotable magnetization under a predetermined impression magnetic field. The first non- 
magnetic layer by which laminating formation was carried out at said first ferromagnetic layer The 
second ferromagnetic layer to which laminating formation is carried out at said first non-magnetic layer, 
and said impression magnetic field holds magnetization of the second direction under a zero state and 
said predetermined impression magnetic field A layer containing an oxide and a nitride which were 
formed in a non-magnetic layer of ** NI by which laminating formation was carried out, and a non- 
magnetic layer of said ** NI in a ferromagnetic layer of said ** NI between said second ferromagnetic 
layer and said second non-magnetic layer in the third ferromagnetic layer by which laminating formation 
was carried out, and a layer of said second ferromagnetic layer, carbide, or fluoride 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[TneVechnical field to which invention belongs] This invention relates to the resistance detection 
method of the magnetic regenerative apparatus which carried the magneto-resistive effect element using 
a magneto-resistive effect, the magnetic reproducing head, and this, magnetic storage, and a magneto- 
resistive effect film. 

[Description of the Prior Art] recent years ~ a hard disk drive (HDD) ~ densification - following - the 
exterior - a magnetic field - a zero state ~ being mutual - magnetization— abbreviation - a 
rectangular cross - carrying out - two - a ** - ferromagnetism - a layer - these - between 
inserting - having had - a non-magnetic layer - having - two - a ** - ferromagnetism ~ a layer - 
being relative - magnetization - a direction - depending - electric resistance - changing - spin ~ a 
bulb — (- SV --) » a film - having - SV-GMR (Spin-Valve Giant MagnetoResistive From now on, for 
the further densification, SV-GMR head of high sensitivity is more required, and the further 
improvement in the magneto-resistive effect rate of change (MR rate of change) which brings about high 
power the thickness of SV-GMR, and pole thinning of a magnetosensitive layer (magnetization free 
layer) from which the sense of magnetization changes especially according to a signal magnetic field 

will be important. . , 

[0003] A magnetization free layer is thinned very much to several nm, and the spin filter spin bulb 
(SFSV:Spin-Filter Spin- Valve) film equipped with the high conductive layer which adjoins this 
magnetization free layer is proposed and put in practical use. In SFSV, the improvement in 
magnetization sensitivity accompanying thin-film-izing of a magnetization free layer realizes the high 
power reproducing head. 

Fo004] Furthermore, the NOL-SPSV (Nano Oxide Layer-SPecular Spm-Valve) film which uses the 
speculer (electronic specular reflection) effect as technology following SFSV for improvement in MR 
rate of change and has practical spin bulb membrane structure is proposed. By inserting the ultra-thin 
oxidizing zone called NOL into the magnetization fixing layer (magnetization pin layer) by which the 
laminating was carried out through the magnetization free layer, or a magnetization free layer and a 
middle non-magnetic layer, and carrying out specular reflection of the conduction electron by that 
interface this film carries out a spin bulb film like a false artificial grid film, and earns MR rate of 
change. It is possible to raise MR rate of change of a spin bulb film by leaps and bounds by invention of 
this structure. 

[Problem(s) to be Solved by the Invention] However, when it was actually going to apply NOL-SPSV to 
a sensor or the magnetic head, this invention persons discovered that the trouble described below arose. 
[0006] First although it is indispensable to use an ultra-thin magnetization free layer in the NOL-SPSV 
film which aims at high density playback, in using this ultra-thin magnetization free layer, adjustment of 
the bias point (operating point at the time of head actuation) becomes difficult. For that purpose, it is 
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important to make small various magnetic fields which join a magnetization free layer, Also in it, the 
leakage magnetic field (Hpin) of a magnetization pin layer has big effect to magnetization of a 
magnetization free layer. .... . 

[0007] In order to make small the leakage magnetic field of this magnetization pin layer, in SFSV, the 
Sy-AF structure to which synthetic association (Sy-AF takes antiferromagnetism-association and 
henceforth.) of between two ferromagnetic layers which carried out the laminating through the non- 
magnetic layer was carried out is adopted as a magnetization pin layer. 

[0008] With this Sy-AF structure, the ferromagnetic pin layer of the upper and lower sides into which 
average thickness inserts this through non-magnetic layers, such as Ru which is about 9A, is carrying 
out antiferromagnetism-association. Therefore, the leakage magnetic field from a magnetization pin 
layer serves as a difference of up-and-down pin layer MAG thickness (Msxt (saturation magnetization x 
thickness)), and can make low the substantial pin layer leakage magnetic field which joins a 
magnetization free layer, without making a magnetization pin layer extremely thin. It is indicated by the 
patent official report No. 2786601 about the details of Sy-AF structure. 

[0009] Thus, the current magnetic field (Hcu) in a magnetization free layer is made small by using high . 
conductive layers, such as Cu layer, further, reducing the leakage magnetic field of a magnetization pm 
layer. And after making small the indirect-layer joint magnetic field (Hin) between the magnetization 
free layer through a nonmagnetic spacer layer, and a pin layer By choosing the direction of current so 
that the relation of Hpin+Hcu+Hin=0 may be realized, the good bias point was realized at SFSV using 
Sy-AF structure. 

[0010] However, when it was going to realize Sy-AF structure in the NOL-SPSV film, the problem of 
the above-mentioned property of Sy-AF structure stopping coming out became clear. Although the 
detailed reason is not clear, the phenomenon in which the oxygen in a NOL layer, nitrogen, fluorine, 
carbon etc for example, weaken antiferromagnetism association of the vertical magnetization pin layer 
which was spread in Ru layer of Sy-AF structure by heat treatment, and minded Ru is considered to be 
the cause. Then, it becomes impossible to adopt Sy-AF structure by NOL-SPSV, it becomes impossible 
to reduce the leakage magnetic field from a magnetization pin layer, and it is thought that it becomes 
impossible to realize the good bias point. _ 
[001 1] On the other hand, in order to cancel completely the leakage magnetic field from a magnetization 
pin layer to zero, there is a concept of using a magnetic keeper layer (JP,8-55312,A official report), this - 
-the upper and lower sides of a spin bulb film - the laminating of the soft magnetism keeper layer is 
carried out to one of film surfaces, and by the current magnetic field, as the magnetization direction of 
this soft magnetism keeper layer becomes the direction of a magnetic field and reverse sense of a 
magnetization pin layer, a pin layer leakage magnetic field is canceled. 

[0012] The cancellation method using this magnetic keeper layer makes a pin layer leakage magnetic 
field zero completely, and is adjusting the bias point by the technique (Hin=Hcu, Hpin=0) of canceling 
Hin by Hcu. Since the magnetization free layer is comparatively thick in low density record, the external 
magnetization sensitivity of a magnetization free layer is blunt. Moreover, it becomes comparatively 
small, and a current magnetic field becomes possible [ canceling this by the small layer joint magnetic 
field Hin ], and the rate of the conduction conductance of a magnetization free layer closed into SV film 
of a magnetization free layer becomes large, since the magnetization free layer is thick therefore 
effective [ the cancellation method by the magnetic keeper layer ] . 

[0013] However, it is expected that the thickness of the magnetization free layer of NOL-SPSV which 
aims at high recording density becomes thin, and since Hcu increases in connection with this, there is a 
limit by the cancellation method by the magnetic keeper layer. 

[0014] In addition, having not made for a current magnetic field to be too large into a big problem turns 
out easily to see the membrane structure indicated by the above-mentioned open official report. That is, 
although it is indispensable in a densification arm head to reduce a current magnetic field by carrying 
out contact formation of the high conductive layer in a magnetization free layer in order to reduce the 
current magnetic field to a magnetization free layer in SFSV which carried out point **, it is because the 
description does not exist in a JP,8-55312,A official report. 
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fOOl 51 Furthermore, the technique of passing current in the direction which cancels Hin and realizing 
the bias point is not realistic in NOL-SPSV. That is, the current magnetic field Hcu is larger than Hin, 
and layout called Hin=Hcu is very difficult. 

[0016j Thus, it was difficult to adjust the bias point of NOL-SPSV good by the conventional bias point 

adjustment method. - ; r*u 

[001 7] This invention makes it a technical problem to offer the resistance detection method ot the 
magnetic regenerative apparatus which carries the magneto-resistive effect element which has the good 
bias point, a magneto-resistive effect arm head, and this, magnetic storage, and a magneto-resistive 
effect film by making into the start the trouble in the Prior art described above. 

[Means for Solving the Problem] In order to solve the above-mentioned technical problem, one gestalt 
of this invention An impression magnetic field is equipped with magnetization of the first direction by 
zero state Under a predetermined impression magnetic field The first ferromagnetic layer with pivotable 
magnetization The first non-magnetic layer by which laminating formation was carried out at the first 
ferromagnetic 'layer, and the second ferromagnetic layer to which laminating formation is. carried out at 
the first non-magnetic layer, and an impression magnetic field holds magnetization of the second 
direction under a zero state and a predetermined impression magnetic field, A non-magnetic layer of** 
NI by which laminating formation was carried out at a ferromagnetic layer of ** NI, and the third 
ferromagnetic layer by which laminating formation was carried out at a non-magnetic layer of ** NI, 
Were formed between the second ferromagnetic layer and second non-magnetic layer in a layer of the 
second ferromagnetic layer. A magneto-resistive effect film equipped with a layer containing an oxide, a 
nitride carbide, or fluoride and a magneto-resistive effect element characterized by having an electrode 
of a pair which'passes current on a magneto-resistive effect film so that the direction of a current 
magnetic field in the third ferromagnetic layer may become contrary to said second direction are offered. 

r00191 Moreover, the above-mentioned magneto-resistive effect element can constitute the magnetic 
reproducing head carried in a head gimbal assembly etc. Moreover, a magnetic regenerative apparatus 
carrying magnetic-recording data medium which recorded this magnetic reproducing head and magnetic 
information can realize correspondence to a raise in recording density more than before. In addition, it is 
possible to use a magneto-resistive effect element of this invention also about a magnetic regenerative 
apparatus which made magnetic-recording data medium dismountable. 

r00201 Moreover, the above-mentioned magneto-resistive effect element can constitute a memory cell 
from a transistor,'diode, or independent. A semiconductor memory of a non-volatile can consist of 
carrying out accumulation formation of this magneto-resistive effect element. 
[0021] As for other gestalten of this invention, an impression magnetic field is equipped with 
magnetization of the first direction by zero state further again. Under a predetermined impression 
magnetic field The first ferromagnetic layer with said pivotable magnetization, The first non-magnetic 
layer by which laminating formation was carried out at the first ferromagnetic layer, and the second 
ferromagnetic layer to which laminating formation is carried out at the first non-magnetic layer, and an 
impression magnetic field holds magnetization of the second direction under a zero state and a 
predetermined impression magnetic field, A non-magnetic layer of ** NI by which laminating formation 
was carried out at a ferromagnetic layer of ** NI, and the third ferromagnetic layer by which laminating 
formation was carried out at a non-magnetic layer of ** NI, Were formed between the second 
ferromagnetic layer and second non-magnetic layer in a layer of the second ferromagnetic layer. It is 
related with a resistance detection method of a magneto-resistive effect film characterized by for a 
current magnetic field in the third ferromagnetic layer passing current in the second direction and the 
direction which becomes reverse, and reading resistance of a magneto-resistive effect film at a magneto- 
resistive effect film equipped with a layer containing an oxide, a nitride, carbide, or fluoride. 
[0022] In a resistance detection method of a magneto-resistive effect element described above, the 
magnetic reproducing head, a magnetic regenerative apparatus, and a magneto-resistive effect film, it is 
possible to have the next configuration. 
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1 Cu Au by which laminating formation was carried out in field where the first ferromagnetic layer 
touches said second non-magnetic layer, and field of the opposite side It has the third non-magnetic 
layer containing one element of Ag. The content is more than 50atomic%. It is good also as an included 
non-magnetic layer. 

2 Average thickness of the first ferromagnetic layer is 3nm or less. 

3 . Magnetic thickness of the third ferromagnetic layer is 1 .8 or more-nmT 4.5 or less nmT in material 
conversion of saturation magnetization IT. 

4. the third ferromagnetic layer « a CoFe alloy - more than 50atomic% - contain and average thickness 
is lnm or more 2.5nm or less. 

5 Average thickness of a layer containing an oxide, a nitride, carbide, or fluoride is lnm or more 2nm or 
less. A content of an oxide of this layer, a nitride, carbide, or fluoride can be made more than 
50atomic%. • 

6 Sense of a leakage magnetic field impressed to the first ferromagnetic layer from the third 
ferromagnetic layer is the direction which negates sense of a magnetic field acquired by the sum of a 
leakage magnetic field from the second ferromagnetic layer impressed to the first ferromagnetic layer, a 
current magnetic field, and a layer joint magnetic field by association between layers with the first 
ferromagnetic layer and the second ferromagnetic layer. 

7. It is formed between the second ferromagnetic layer and the second non-magnetic layer, and has an 

antiferromagnetism layer which touches the second ferromagnetic layer. 

[0023] 

[Embodiment of the Invention] (1st operation gestalt) Next, a **** magneto-resistive effect element is 
explained to one gestalt of this invention. . 
[0024] As for the porcelain resistance effect element of this gestalt, an impression magnetic field is 
equipped with magnetization of the first direction by the zero state. By the predetermined impression 
magnetic field First, the first ferromagnetic layer with said pivotable magnetization, Laminating 
formation is carried out at the first non-magnetic layer by which laminating formation was earned out at 
the first ferromagnetic layer, and a nonmagnetic interlayer, and it has the second ferromagnetic layer to 
which an impression magnetic field holds magnetization of the second direction in a zero state and said 
predetermined impression magnetic field. 

[0025] This first ferromagnetic layer is a magnetization free layer which magnetization rotates, when 
impression magnetic fields, such as a signal magnetic field, are added. Laminating formation of this 
magnetization free layer is carried out with the second ferromagnetic layer through the spacer layer 
which contains Cu etc. as the first non-magnetic layer. This second ferromagnetic layer is a 
magnetization pin layer in which an impression magnetic field holds that magnetization direction also in 
the predetermined impression magnetic field which magnetization of a zero state and the first 
ferromagnetic layer rotates. . . . 

[0026] In magnetization fixing (pinning) to the second direction of this magnetization pin layer lne 
method using the ferromagnetic material which has high coercive force in the degree which maintains 
magnetization also in a predetermined impression magnetic field as a material of a magnetization pin 
layer There is the method of carrying out contiguity arrangement and fixing by the leakage magnetic 
field near the magnetization pin layer etc. about the method and hard magnetic layer which carry out 
laminating formation with an antiferromagnetism layer, and fix by magnetic switched connection with 
an antiferromagnetism layer. 

[0027] Although the first and the second direction may be the same, differing is desirable and they can 
also make the abbreviation right angle of each other [ still ]. The element for which the first and the 
second direction constitute an abbreviation right angle is the so-called spin bulb element. 
[0028] Magnetization of a magnetization free layer changes according to a signal magnetic field, and the 
electric resistance of a magneto-resistive effect element shows low resistance in the condition equal to 
the second direction, and shows high resistance in the state of the second direction and **** parallel of 
magnetization of a magnetization free layer. 

[0029] Such resistance change is for an electron to receive dispersion depending on the direction of 
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magnetization (spin) of a ferromagnetic layer in the interface of both the ferromagnetism layer of a 
magnetization free layer and a magnetization pin layer, and a nonmagnetic spacer layer (spin 

dependence interface dispersion). . 

r00301 With this operation gestalt, it has a layer containing the oxide and nitride which were formed m 
the field of the opposite side, carbide; or fluoride the inside of the layer of the magnetization pin layer of 
such a magneto-resistive effect element, or the side which touches the nonmagnetic spacer layer of a 
magnetization pin layer, this -- a layer -- a magneto-resistive effect - an element - irtside - having 
moved - an electron - specular reflection (speculer) - carrying out - a thing ~ it is - nonmagnetic - a 
spacer - a layer ~ from ~ magnetization - a pin - a layer - inside - a passage ~ this - a layer - a 
mirror plane - having reached - an electron ~ for - nonmagnetic - a spacer - a layer - magnetization 
- a pin - a layer - and ~ magnetization - free - a layer ~ an interface ~ false 

[0031] In addition, the average thickness of the layer containing this oxide, a nitride, carbide, or fluoride 
has 0 5 to desirable about 5nm. [ from a viewpoint which makes a suitable value the magnetic coupling 
force of the magnetic layers which sandwich this etc. ] Henceforth, about this layer, the layer equipped 
with an oxide as a principal component is made into an example, and NOL is called. 
r0032] It newly has the third ferromagnetic layer as BCL (Bias Compensation Layer) which 
compensates the external magnetic field (bias) concerning a magnetization free layer with NOL-SPSV 
of this operation gestalt. To this BCL, soft magnetic materials etc. are desirable. 
[0033] The bias point of this magneto-resistive effect element is adjusted by negating the sum of the 
leakage magnetic field from the magnetization pin layer impressed in a magnetization free layer by the 
leakage magnetic field impressed from this BCL in a magnetization free layer, the current magnetic field 
produced by current energization, and the layer joint magnetic field by association between layers with a 
magnetization pin layer and a magnetization free layer. That is, it becomes possible to consider as the 
first direction of a request of the magnetization direction in the impression magnetic field zero of a 
magnetization free layer. „ f 
[0034] In addition, it is required for adjustment of this bias point to pass current so that the direction ot 
the current magnetic field in BCL may be made into the magnetization direction (the second direction) 
and hard flow of a magnetization pin layer. 

[0035] Moreover, the second non-magnetic layer is required in order to prevent magnetic association 

between a magnetization pin layer and BCL. 

[0036] It became clear that such the good bias point in NOL-SPSV is realizable with this operation 
gestalt as a result of research of artificers who state below. Below, the contents are explained in full 

?0037] First, the layer joint magnetic field Hin which starts a magnetization free layer by association 
between layers with a magnetization pin layer is made as small as possible. How (Hp=Hcu+Hin) to 
catch with the main magnetic bias which impresses other leakage magnetic fields Hp and current 
magnetic fields Hcu from a ferromagnetic layer to a magnetization free layer, and to adjust the bias point 
however the case where Hin is making the positive value and the antiferromagnetism-magnetization 
array when the magnetization pin layer and the magnetization free layer are making the ferromagnetic- 
like magnetization array - a value negative, in Hin - giving a definition - it is thought by high density 
playback that it is the most realistic method. 

[0038] That is as Hp and Hcu used as the static magnetic field to a magnetic free layer serve as reverse 
sense they adjust the bias point. And Hp A value is solved using the bias compensation effect by BCL. 
[0039] That is it is Hp by making the direction of the leakage magnetic field HBCL impressed from 
BCL in a magnetization free layer into the leakage magnetic field Hpin by which it is impressed from a 
magnetization pin layer in a magnetization free layer, and hard flow. Increase is solved. 
[0040] The concept of the bias point adjustment in this invention is shown in a bottom type. 
[0041] 

Hp = Hin + Hcu(l) 
Hp = Hpin-HBCL (2) 

However, the sign of Hin defines the time of Hcu and this direction as positive. 
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[0042] 

Hpin=pi 2 (Msxt) pin/h (3) 
Hcu=2picxls/h (4) 
'c=|(Il-I3)/(Il+I2+I3)|(5) 
HBCL=Dxpi 2 (Msxt) BCL/h (6) 

In above formula (1) - (6), h is MR height [mum]. Moreover, D is a value smaller than 1 ajid changes 
with a sense current value and the values of Msxt of a magnetization pin layer. That is, D serves as a 
large value and approaches 1 , so that the value of Msxt of a magnetization pin layer is so large that a 
sense current value is large. 

[0043] Moreover, Is shows the sense current value which flows on a magneto-resistive effect film, and 
shows total of the splitting values II, 12, and 13. These current values show the current value which 
flows to each field which trichotomized the field where current flows with the electrode of a pair among 
magneto-resistive effect films in the vertical direction. The magnetization free layer which is the field of 
middle They are the flowing current value 12, the current value II which flows the field to the best 
conductive layer ( drawing 1 cap layer 27) which is in inter-electrode from the upper layer of a 
magnetization free layer, and the current value 13 which flows the field from the lower layer of a 
magnetization free layer to the lowest inter-electrode conductive layer ( drawing 1 buffer layer 3). In 
addition, Is makes the positive value the case where the current magnetic field in BCL7 passes current in 
the magnetization direction of a magnetization pin layer, and the direction which becomes reverse. 
[0044] Concrete structure is made into an example and adjustment of the bias point using BCL is 
explained below. 

[0045] The outline cross-section structure of the bottom type spin bulb film of this operation gestalt is 
shown in drawing 1 . 

[0046] Sequential formation of the magneto-resistive effect element of the gestalt of this operation was 
carried out on the substrate 1 . A buffer layer 3, the seed layer 5, the decoupling layer 9 that prevents the 
magnetic coupling of BCL7, BCL7, and the antiferromagnetism layer 11, the antiferromagnetism layer 
1 1, the magnetization pin layer 13, NOL15, the magnetization pin layer 17, a non-magnetic layer 19, the 
magnetization free layer 21, HCL23 and NOL25, and the cap layer 27 It has the magneto-resistive effect 
film 28 which it h^s, the hard bias film 29 of a pair, and the lead electrode 31 of a pair. The material 
which constitutes the principal component of each class is explained in full detail in an example 1. 
[0047] In addition, a magnetization pin layer arranges BCL in a lower layer rather than a magnetization 
pin layer by the bottom type spin bulb film located in the direction bottom of a laminating rather than a 
magnetization free layer. Moreover, a magnetization pin layer arranges BCL in the upper layer rather 
than a magnetization pin layer by the top type spin bulb film located in the upper layer of the direction 
of a laminating rather than a magnetization free layer. 

[0048] In drawing 1 , switched connection of the antiferromagnetism layer 1 1 is carried out to the 
magnetization pin layer 13, and it has fixed the sense of magnetization of the magnetization pin layer 13 
in the direction of a table from the space reverse side of drawing 1 by the magnetic bias by this switched 
connection. Moreover, the magnetization pin layer 17 has magnetization of the same direction as the 
magnetization pin layer 13 by ferromagnetic switched connection with the magnetization pin layer 13. 
[0049] NOLI 5 among the magnetization pin layers 13 and 17 uses as a principal component the oxide of 
the material which constitutes the magnetization pin layer 13, contains it (more than 50atomic%), and 
can expect the specular reflection effect in the surface by the side of this magnetic pin layer 17 of 
NOLI 5. In addition, the principal component of NOLI 5 can be suitably changed into carbide, a nitride, 
fluoride, etc. other than an oxide. Moreover, you may be the oxide of the material which constitutes the 
magnetization pin layer 13, and a different material, carbide, a nitride, and fluoride. 

[0050] The non-magnetic layer 19 which touches the magnetization pin layer 17 is a nonmagnetic spacer 
layer of a spin bulb element, and spin dependence dispersion produces it in both the surfaces that touch 
the magnetization pin layer 17 of this layer, and the magnetization free layer 21. 
[0051] Magnetization bias is given to the longitudinal direction in space of drawing 1 by the leakage 
magnetic field from the hard bias film 29 of a pair with which the magnetization free layer 21 was 
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formed in those both sides of the so-called ABATTO cementation structure, and an external magnetic . 
field has magnetization of this direction by the zero state by it. Moreover, in the layer of the 
magnetization free layer 2 1 , single domain-ization is maintained by this magnetization bias and the cure 
of a Barkhausen noise is made. 

[0052] If an external magnetic field is impressed, this magnetization free layer 21 will be adjusted so 
that that magnetization may be freely pivotable, and if the external magnetic field of the hidden sense is 
impressed from the space table of drawing 1 , magnetization of the magnetization free layer 21 will 
follow and change to this sense. On the contrary, if the external magnetic field of the sense of a table is 
impressed from the space reverse side of drawing 1 , magnetization of the magnetization free layer 21 
will also follow and change to this sense. 

[0053] As for parallel, the relative magnetization direction with the magnetization pin layer 17 changes 
with magnetization rotations of this magnetization free layer 21, and the electric resistance of the 
magneto-resistive effect film 28 changes with the relation of anti-parallel. That is, when the mutual 
magnetization direction is parallel, the electric resistance of the magneto-resistive effect film 27 is low, 
and when the magnetization directions are anti -parallel, the electric resistance of the magneto-resistive 
effect film 27 becomes high. Change of this electric resistance is detected in the detecting circuit which 
detects resistance change known from the former through the lead electrode 31 of a pair connected to the 
both ends of a magneto-resistive effect film. ■ 

[0054] On the magnetization free layer 21, HCL23 containing a high conductivity material is formed, 
and adjustment of the thickness can adjust the value of Hcu suitably as mentioned above. 
[0055] In addition, NOL25 on HCL23 means the electronic specular reflection effect by the side of the 
magnetization free layer 21, and is inserted. 

[0056] About how to maintain the bias point in this magneto-resistive effect filrii 28, it is as an above- 
mentioned basic type. 

[0057] The relation between the above-mentioned (1) formula and (2) types, and the structure of this 
element is explained referring to drawing 2 . 

[0058] The cross-section structure of the magneto-resistive effect element shown in the cross-section 
perspective diagram of drawing 2 is the same as that of it of drawing 1 , and explanation of each film 
configuration is omitted. However, for convenience, the magneto-resistive effect film 28 of drawing 1 is 
further expanded to a space lengthwise direction, and drawing 2 shows it to it. 

[0059] (1) Adjusting so that a formula may fully be filled becomes important on bias point adjustment. 
Hp and Hcu are used as a strange good factor. About Hcu, as already explained, it is changeable with the 
thickness control of the nonmagnetic high conductive layer (HCL: High Conductance Layer) which 
adjoins a magnetization free layer and is formed. 

[0060] That is, the current magnetic field Hcu becomes small, so that the thickness of HCL is thick, and 
as for the degree of the Hcu reduction by the increment in thickness, an effect becomes large, so that the 
sheet resistance of the magneto-resistive effect film 28 is large. 

[0061] The degree of the effect is computable in simple by approximating each class of a spin bulb film 
with a parallel conductor model. However, the value of the specific resistance of each class needs to 
compute not using the value of bulk from the variation of the conductance shifted to positive or a 
negative direction lnm - 2nm from actually near thickness in that case. By this technique, it can use as a 
value of the specific resistance which took distribution of Boltzmann of current into consideration in 
approximation. 

[0062] Next, Hp is determined from Hpin and HBCL, as it is in (2) types. 

[0063] Among those, an outline decision of the Hpin is made by the height (height extended at back 
from the signal inflow side of the magneto-resistive effect film 28) and the magnetic thickness (Msxt) of 
the magnetization pin layers 13 and 17. 

[0064] However, it is necessary to carrying out the premise of the magnetization direction of the 
magnetization pin layers 13 and 17 fixing to an one direction completely simply to take into 
consideration in fact that the magnetization pin layers 13 and 17 have not fixed completely towards 
desired ( drawing 1 the direction of the space reverse side to a table). For example, even if it says that it 
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has a shield film in a truck cross direction ( drawing 1 longitudinal direction in space) edge with the 
shield mold arm head which pinches the magneto-resistive effect film 28 with a shield film through a 
gap film, some deflection (curling) is said for the magnetization direction to shift from a request by the 
bias magnetic field from the hard bias film 29 for existing and making a magnetization free layer into a 
single domain. 

[0065] In drawing 2 , HBCL is a leakage magnetic field impressed by BCL in a magnetization free 
layer, and consists of the sum of the current magnetic field HcuBCL in BCL, and the leakage magnetic 
field HpinBCL from the magnetization pin layers 13 and 17. BGL is arranged in the location used as the 
current magnetic field (Hcu) which requires the sense of a current magnetic field [ in / that a current 
magnetic field tends / as possible / to start (a current center position to vertical edge) / BCL ] (HcuBCL) 
in the magneto-resistive effect film 28 for a magnetization free layer, and the reverse sense. This 
becomes possible to realize Hp=Hpin+HBCL and the good bias point in NOL-SPSV can be realized. 
[0066] On the other hand, HBCL in (2) types is a factor newly introduced in this invention. 
[0067] BCL consists of a ferromagnetic layer and let the magnetization fixing direction be the 
magnetization direction and reverse sense of a magnetization pin layer. This is making in agreement the 
sense of the current magnetic field (HcuBCL) impressed to BCL, and the leakage magnetic field 
(HpinBCL) from a magnetization pin layer, and can be realized. Therefore, HBCL is decided by 
HcuBCL+HpinBCL and can determine HBCL by adjusting these magnetic fields suitably. 
[0068] In addition, the current magnetic field (Hcu) in the magnetization free layer by the current makes 
the direction of the sense current energized from an electrode 31 the direction which cancels the leakage 
magnetic field (Hp) impressed to a magnetization free layer from other ferromagnetic layers, such as a 
magnetization pin layer. 

[0069] Thus, as mentioned above, although magnetization of BCL is fixing by the current .magnetic field 
and the leakage magnetic field from a magnetization pin layer, since the magnetization direction of a 
magnetization pin layer has not fixed in the MR height direction completely, HpinBCL tends to become 
small compared with the pin layer of full fixing which used Sy-AF. Moreover, since the direction of 
BCL which used the soft magnetism layer influences notably, as for the effect of the H pinBCL 
reduction by the hard bias film 29, it is desirable to take these into consideration in layout. 
(Example 1) This example 1 explains the example 1 of a **** bottom type spin bulb film to the gestalt 
of the 1 st operation. 

[0070] First, the spin bulb film which consists of following each class on a substrate 1 was created. In 
addition, thickness is a value immediately after forming membranes by control of membrane formation 
speed and membrane formation time amount. 

[0071] Ta 3 nm/NiFeCr 2 nm/CoFe 1.5 nm/NiFeCr 1 nm/PtMn 10 nm/CoFe 0.5 nm/NOL/CoFe2 nm/Cu 
2.3 nm/CoFeNi 2 nm/Cu 1 nm/TaO — membrane formation of this spin bulb film formed membranes by 
the DC magnetron sputtering method in the inside of a vacuum 1 nm, using the layer material of above- 
mentioned each class as a target material. The ultimate vacuum in a spatter chamber is 1x10 to 7 or less 
Torrs, and formed membranes with the gas pressure of lmTorr - lOmTorr using Ar gas. In addition, the 
IBD (Ion Beam Deposition) method may be used besides the DC magnetron sputtering method. Then, 
Xe gas can be used for sputtering gas and it becomes possible to lower the gas pressure rather than DC 
magnetron sputtering. 

[0072] Next, it explains, referring to drawing 1 about the configuration of each class. 
[0073] From a substrate 1 side, Ta layer is a buffer layer 3 and its about 0— 5nm average thickness is 
desirable. Instead of Ta, metals and those alloys, such as Ti, Zr, Hf, W, Cr, V, Mo, Re, and Os, may be 
used. Ta, Ti, and Zr can be used also especially in these. 

[0074] The NiFeCr layers on it are face centered cubic structures (fee), such as CoFe of this upper layer, 
and NiFeCr. It is the seed layer 5 to which the parallel orientation to the layer surface of a field (1 1 1) is 
urged and which consists of a non-magnetic material. Here, Cr is added in order [ for shunt reduction ] 
to make NiFe of a magnetic material nonmagnetic. 20% - about (atomic %) 60% of the addition of Cr is 
desirable. Moreover, Nb, Hf, Ta, Ti, Mo, W, etc. may be added to a change of chromium. You may use 
nonmagnetic NiCr, Cu, Ru, Re, Os and Pt, nonmagnetic [ NiCu ], etc. as a fee (11 1) orientation 
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promotion film further again. As long as the seed layer 5 consists of materials equipped with a crystal 
orientation promotion function, a buffer layer 3 may be omitted. 

[0075] It is BCL7, since fee (1 1 1) orientation of the CoFe layer on a NiFeCr layer is carried out 
according to the effect of a substrate seed layer, it shows sufficient soft magnetism, and the 
magnetization direction can be reversely [ the magnetization direction of a magnetization pin layer, and ] 
suitable of the layer with the current magnetic field HcuBCL and the leakage magnetic field HpinBCL 
from the magnetization pin layers 13 and 17. 

[0076] If the soft magnetism of BCL7 is not enough, since the magnetization direction stops moving by 
the current magnetic field (HcuBCL) or the leakage magnetic field (HpinBCL) from the magnetization 
pin layers 13 and 17, it is not desirable. However, soft magnetism is not searched for in about 21 
magnetization free layer which must react to a data-medium magnetic field sensitively. 
[0077] As one criteria, compared with a current magnetic field (HcuBCL) or the leakage magnetic field 
(HpinBCL) from a pin layer, if it is 1 / ten to 1/5 or less small coercive force (He), it is satisfactory. 
Since this film plays a role important for bias point control, it needs cautions for this thickness decision. 
The indicator of thickness decision is explained in full detail behind. 

[0078] Although CoFe was used for the spatter target material of BCL7 here, an amorphous material 
like a crystal material like NiFe and NiFeX (X=Cr, Nb, Hf, Ti, Ta, W, Mo), CoZrNb, and CoZrTa is 
sufficient as it. However, since BCL7 also has a role of a substrate layer in bottom type NOL-SPSV, in 
the semantics of the crystal orientation control by which a laminating is carried put on it, a crystal 
material like CoFe or NiFe is desirable. At the time of the top type with which BCL7 is located in the 
upper layer in a spin bulb film^ an amorphous material is sufficient. 

[0079] The NiFeCr layer on a CoFe layer was a non-magnetic layer (decoupling layer 9) for cutting 
magnetic association with BCL7 with magnetism, and the PtMn layer which is the antiferromagnetism 
layer 1 1, and since the smaller possible one of an electric shunt was good, the same NiFeCr as the seed 
layer 5 was used for it. Although there is no necessary ** which is the not necessarily same material as 
the seed layer 5, a material which was exactly mentioned in the substrate seed layer can be used as it is. 
[0080] It is a problem when magnetic coupling arises between the antiferromagnetism film 1 1 and 
BCL7 here. As shown in drawing 1 , by because, the magnetization direction, and the leakage magnetic 
field (HpinBCL) and current magnetic field (HcuBCL) from the magnetization pin layers 13 and 17 of 
the magnetization pin layers 13 and 17 which fixed by switched connection with the antiferromagnetism 
film 1 1 If magnetic coupling arises between BCL7 and the antiferromagnetism layer 1 1 to making the 
magnetization direction (HBCL=HpinBCL+HcuBCL) concerning BCL7 into the reverse sense It is 
because the operation which the magnetization direction of the magnetic pin layers 13 and 17 and the 
magnetization direction of BCL7 become in this direction works. 

[0081] When coupling of BCL7 and the antiferromagnetism layer 1 1 arises, it is necessary to make it 17 
ten to 1/5 or less magnitude of the current magnetic field which joins BCL7, and the leakage magnetic 
field from the magnetization pin layer 17. Therefore, 0.5nm - about 5nm is desirable still more desirable, 
and the thickness of required NiFeCr has desirable about l-3nm. Although it becomes possible to cut 
coupling more magnetic enough as thick, in order for the part and electric shunts to also increase in 
number and for total thickness to also increase, adjustment with high narrow-gap(high density )-izing is 
needed. Moreover, since it becomes difficult to put in a thick spin bulb film through a magnetic gap 
between magnetic shielding in using for the playback magnetic head, the range of the above-mentioned 
thickness is desirable. 

[0082] The PtMn layer on a NiFeCr layer is the antiferromagnetism layer 1 1 , and the magnetization of 
the magnetization pin layer (CoFe layer) 13 by which a laminating is carried out on it is fixed. In order 
to reduce an electric shunt, the thinner one of the antiferromagnetism layer 1 1 is desirable, but since 
magnetization fixing to an one direction will become difficult if too not much thin, in PtMn, 6nm - about 
20nm is desirable still more desirable, and 8nm - about 15nm is desirable. 

[0083] Moreover, although PtMn is desirable as an antiferromagnetism layer 11, you may be other 
antiferromagnetism layers which have the function which fixes the magnetization direction instead of 
PtMn in the one direction of PdPtMn, IrMn and RuMn, RuRhMn, NiMn, NiO, and alpha-Fe 203 grade. 
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[0084] CoFe/NOL/CoFe on a PtMn layer is a magnetization pin layer with the magnetization direction 
of one, and CoFe of the upper and lower sides through NOL is carrying out ferromagnetic association by 
sufficient strength magnetically, also where a signal magnetic field is given. As for the CoFe layer in 
contact with a PtMn layer, it is desirable to have thickness required in order to carry out coupling to a 
PtMn layer and a magnetic target so that the oxygen by NOL may not go to PtMn and. However, it is 
more desirable as thin, if coupling of the effect of the oxygen by NOL 15 can be temporally cabled out 
with the range which does not reach a PtMn layer,- and a PtMn layer. 

[0085] Moreover, since the magnetic thickness of the magnetization pin layers 13 and 17 tends to 
become thick in NOL-SPSV, the one where the magnetic thickness of these magnetization pin layers 13 
and 17 is also possible smaller is desirable. For example, in order to reduce saturation magnetization, it 
is also desirable to add alloying elements, such as Cr, B, and Cu. Although thickness serves as 
CoFeO.Snm here, 0.3nm - its about 1.5nm is desirable. Fe besides a CoFe alloy, Fe system alloy, nickel, 
nickel alloy, etc. are sufficient as a magnetic material here. For example, CoFeCr, CoFeB, CoFeCu, etc. 
can be used. 

[0086] NOLI 5 is possible also for oxidizing and forming the surface which formed the magnetization 
pin layer 13, and can also form an oxide film. 

[0087] Carry out an oxygen flow to the method of oxidizing a surface of metal in an ultra-high vacuum, 
plasma oxidation is carried out, or there are methods, such as UV oxidation and oxidation by the oxygen 
ion beam. At this time, it is necessary to take care so that it may not oxidize to the antiferromagnetism 
layer 1 1 under the magnetization pin layer 13. 

[0088] There are the method of forming an oxide target by the spatter, a method carry out the spatter of 
the metal target in an oxygen ambient atmosphere, and according to a reactant spatter, etc. as method of 
forming an oxide film. This thickness of NOL15 has about O.lnm or more desirable about 5nm or less. 
About Inm or more about 2nm or less is desirable especially desirably. Since it is the ferromagnetic 
layer which influences MR rate of change greatly, also when making it into the magnetization pin layer 
17 of low MAG thickness, as for the magnetization pin layer 17 formed on NOLI 5, it is desirable to 
seldom make [ many ] an alloying element. 

[0089] Desirably, Co and a CoFe alloy may be good and a NiFe alloy is sufficient as them. In order to 
make it low [ Bs ], when adding B and Cu into a CoFe alloy, it is addition [ of a minute amount ] 3 - 
10atomic%. 

[0090] Cu layer formed on the magnetization pin layer 17 is a non-magnetic layer 19, and its about 1.5 
to about 3nm thickness is desirable. About 2 to about 2.5nm is desirable especially desirably. If the 
thickness of a non-magnetic layer 19 and the surface smoothness on the surface of a layer worsen, since 
the magnetic field strength of association between layers between the magnetization free layer 21 and 
the magnetization pin layer 17 (inter-layer coupling) will increase, the surface smoothness on the surface 
of a layer is important. 

[0091] Usually, although the magnetization pin layer 17 and the magnetization free layer 21 carry out 
the ferromagnetic-like magnetization array in many cases, there is also a case of antiferromagnetism- 
magnetization array association. Whichever it makes it, it is desirable not to become the not much big 
value of Hin. As a value of Hin, it is [ about ]. -20 or more-Oe about +20 or less Oes are desirable 
(antiferromagnetism magnetization array of the time of the time of being + being [ a magnetization pin 
layer and a magnetization free layer ] the ferromagnetic-like magnetization array and -). Abbreviation- 
lOOe to abbreviation +10Oe is desirable still more desirably. 

[0092] The CoFeNi layer which makes the magnetization free layer 21 is formed by Cu layer top. It is 
possible to use the CoFe/NiFe laminating free layer and monolayer CoFe free layer to which CoFe is in 
contact with the non-magnetic layer 19, a monolayer CoFeNi free layer, etc. as a configuration of the 
magnetization free layer 21. By addition of nickel, the monolayer CoFeNi layer used in the example 1 
has realized control of magnetostriction, and good soft magnetism. 

[0093] In addition, for using the mirror plane electronic reflection effect by NOL25, the thinner one of 
the thickness of the magnetization free layer 21 is desirable. About lnm or more and about 4nm or less 
are specifically desirable, and about 1.5nm or more and about 3nm or less are good more preferably. 
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[0094] Cu layer by which the laminating is carried out on the magnetization free layer 21 is HCL23, and 
is equipped with the effect of bias point adjustment. That is, it becomes possible to reduce the current 
magnetic field Hcu impressed to a free layer by bringing the current center which flows in a spin bulb 
film close to a magnetization free layer from a magnetization pin layer side by Cu layer. 
[0095] However, if HCL23 is thickened, it is not so desirable in order that MR rate of change may 
decrease with a shunt. As a desirable range, about 0.5nm or more and about 2nm or less about 3nm or 
less about 0.3nm or more is still more preferably good. 

[0096] In addition, this thickness of HCL23 is a **** thing greatly, and should be changed into the bias 
point in accordance with the magnitude of the magnetization pin layer leakage magnetic field Hpin. The 
thickness of HCL23 is behind explained in full detail with that of BCL thickness. 

[0097] The TaO cap layer 27 on Cu layer has the specular reflection effect, and it is desirable that it is an 
oxide layer. The metallic oxide of others, such as AlO, TiO, CrO, WO, VQ, ZrO, HfO, FeO, CoO, etc. 
except TaO, is ^lso available for a material. Moreover, a metal Ta layer may be further formed as a cap 
layer on an oxide layer. 

[0098] In addition, although the magnetization pin layers 13 and 17 explained the bottom type spin bulb 
located in a lower layer rather than the magnetization free layer 1 1 by this example, the top type with 
which it is not limited to a bottom type and a magnetization pin layer is formed in the upper layer rather 
than a magnetization free layer is sufficient as this invention. . 

[0099] There is TaO/Cu 1 nm/NiFe 1 nm/CoFe 1 nm/Cu 2.2 nm/CoFe 2 nm/NOL 1.5 nm/CoFe 0.5 
nm/PtMn 10 nm/NiFeCr 1 nm/CoFe L5 nm/Ta 3nm etc. in a top type. Lower layer TaO NOL for 
magnetization [ a buffer layer-cum-] free layers, and Cu layer of the upper layer here A substrate [ HCL- 
cum-] seed layer, A NiFe layer and a CoFe layer carry out ferromagnetic association mutually, and 
constitute a magnetization free layer. For an antiferromagnetism layer and a NiFeCr layer, a magnetic 
coupling cutting layer (decoupling layer) and a CoFe layer are [ the magnetization pin layer and PtMn 
layer to which CoFe layers carried out / a spacer layer, a CoFe layer, NOL and a CoFe layer / 
ferromagnetic association of the Cu layer / BCL and Ta layer ] cap layers. The material of each class and 
modification of thickness are the same as that of a bottom type. 
[0100] Next, the thickness of HCL23 is explained. 

[0101] By forming HCL23 formed in contact with the magnetization free layer 21, the current magnetic 
field Hcu reduces the current magnetic field Hcu. 

[0102] Since the decrement of MR rate of change by adoption of an ultra-thin magnetization free layer 
will raise the effective thickness of the magnetization free layer 21 by NOL-SPSV according to the 
mirror plane electronic reflection effect by NOL 15 and 25 at this time, the thickness of HCL23 
determines the reduction effect of a current magnetic field as top priority. And the rest is determined in 
order to fill up the reduction effect of the magnetic-reluctance rate of change by shunt splitting by 
HCL23. 

[0103] specifically, the thickness of HCL23 uses Ta cap layer 27 of a 3nm of degrees which can 
disregard the shunt o.f the bottom type cap layer 27, for example, average thickness, as indispensable 
thickness - it comes out, and if it is, using Cu as HCL23, it can be referred to as about 0.3nm or more 
and about 2nm or less, and they are about 0.5nm or more and about 25nm or less desirably. The 
maximum of thickness is for resistance rate of change to fall by shunt splitting, if thickness of HCL23 is 
thickened, and the minimum of thickness is for acquiring the effect of a spin filter. 
[0104] On the other hand, cautions are required for magnetization of BCL7 not to necessarily fix to a 
magnetization pin layer and the reverse sense completely, although Sy-AF structure is not used for the 
magnetization pin layers 13 and 17 but being compensated by BCL7 about the leakage magnetic field 
Hp from other ferromagnetic layers which join the magnetization free layer 21. 

[0105] That is, as above-mentioned, the magnetization direction of BCL7 fixes by the current magnetic 
field HcuBCL and the leakage magnetic field HpinBCL from the magnetization pin layer 13, and, 
generally fixing of the magnetization direction of BCL7 by these two magnetic fields has turned to it in 
the height direction completely rather than magnetization fixing by Sy-AF in many cases. 
[0106] Therefore, the magnitude of HBCL in the above-mentioned (2) formula becomes smaller than the 
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case where it fixes to the magnetization pin layers 13 and 17 and an opposite direction completely. That 
is, when it is going to have an effect equivalent to the bias compensation in Sy- AF structure, BCL7 
needs magnetic thickness rather than one magnetic layer of Sy-AF structure. 

[0107] The difference of Sy-AF structure and BCL7 becomes so remarkable that the magnitude of the 
sense current magnetic field HcuBCL is small, and the difference will become small if sense current is 
conversely large enough. Moreover, by the leakage magnetic field from the magnetization, pin' layers 13 
and 17, if a difference with Sy-AF structure becomes small and its magnetization pin layers 13 and 17 
are thinner as its magnetic thickness of a pin layer is thick, since BCL7 fixes in the magnetization 
direction of the reverse sense, it will become reverse. 

[0108] In addition, as a perfect ideal condition, the magnetic thickness of the magnetization pin layers 
13 and 17 is thick enough, and if the part of the imperfect difference of magnetization fixing to the 
height direction of BCL7 is taken into consideration when sense current is sufficiently large, (1) and (2) 
types can be filled easily. 

[0109] When analysis using a LLG (Landau Lifshits Girbard) micro magnetic simulation was performed 
and having been compared with Sy-AF, the imperfection of the pin magnetization direction of BCL7 
was about 70% to about 95%. That is, 1.1 times as many ~ [ as this ] 1 .4 times as much magnetic 
thickness as one magnetic layer [ in / in BCL7 / Sy-AF structure ] is needed. 

[0110] The magnetic thickness of the antiferromagnetism layer side magnetization pin layer 13 by CoFe 
conversion About 1 .Onm or more, It is set to about 3nm or less (they are about 1 .8nm or more and about 
5.4nm or less by NiFe conversion). (2) Since it is **tpin (**tpin=(Msxt) pin-(Msxt) BCL) permitted for 
the effective pin leakage magnetic field by the formula, and 0.5nmT-2nmT, the effective pin layer MAG 
thickness to the height direction by BCL7 serves as 0.9nmT-4.9nmT. 

[01 1 1] In addition, as above-mentioned, since the about 1.1 to about 1.4 times as many thickness of one 
magnetic layer of Sy-AF structure as this is required, about 0.6nm or more of about 3.8nm or less of 
thickness actually required for BCL7 is needed by NiFe conversion thickness with about lnm or more, 
about 6.9nm or less, and CoFe conversion. 

[01 12] Although it assumed here that magnetic thickness of the antiferromagnetism layer side 
magnetization pin layer 13 was made thinly, since it becomes thick when NOLI 5 is included in fact, as a 
desirable range, about lnm or more and about 2.5nm or less are good at about 1.8nm or more, about 
4.5nm or less, and CoFe conversion in NiFe conversion. 

[0113] The LLG micro magnetic simulation result which calculates the optimum value of BCL 
with the film configuration of an example 1 of having gone to accumulate is shown in drawing 3 . 
[01 14] **tpin of zero asymmetry [nmT] is the value of deltatpin in case good object nature (asymmetry) 
is obtained. Moreover, it corresponds to the ideal condition that pin layer full fixing (Pin fixed) has 
turned to the one direction completely [ magnetization of a magnetization pin layer / the height 
direction ], and it corresponds to an inclination or a cone condition by the leakage magnetic field from 
the hard film 29 rather than an ideal condition as Hua 800 [Oe] and 400 [Oe] show the one direction 
anisotropy of a magnetization pin layer and the value becomes small. 

[01 15] The width of recording track of the magneto-resistive effect film 28 decided by the hard film / 
lead inter-electrode distance is 0.5mm, and height is 0.3mm. 

[0116] In drawing 3 , a horizontal axis is the relative strength of hard thickness, and is searched for by 
the ratio of the magnetic thickness (Msxt) hard of a hard film, and the magnetic thickness (Msxt) free of 
a free layer. With an actual arm head, since bias values differ, there is no semantics in the absolute value 
of a horizontal axis not much, and an ideal system is a relative value in the range which a Barkhausen 
noise does not produce on count. In addition, sense current is changed as a parameter. 
[01 17] Moreover, in drawing 2 , the bias point is an optimum value, and an axis of ordinate is the 
thickness of BCL 7 in case the sex for un-of a signal wave form becomes zero, is the magnetic thickness 
(nmT) of NiFe conversion on left-hand side, and shows the thickness of CoFe conversion of saturation 
magnetization 1.8T to right-hand side. 

[01 18] Consequently, although it changes also with uniaxial anisotropy Hua of the magnetization pin 
layers 13 and 17, it turns out that the thickness at the time of setting BCL7 to CoFe of saturation 
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magnetization 1 .8T is about lnm or more and a range where about 2.5nm or less is desirable. 
[0119] Optimum conditions will shift to the side with thin BCL thickness, so that sense current is so 
large that [ as these ranges have the thick thickness of the nonmagnetic high conductive layer HCL23, ] 
Hua is larger to a side also with thick BCL thickness to a side with thin BCL thickness. 

[0120] • • ■ xi i 

[Effect of the Invention] an oxide, a nitride, and carbide suiting - it has a layer containing fluoride 
and the resistance detection method of the magnetic regenerative apparatus which carries a magneto- 
resistive effect element equipped with the good bias point, a magneto-resistive effect arm head, and this, 
magnetic storage, and a magneto-resistive effect film can be offered. 
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precisely. 

2 **** ^ows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 



resistive effect element concerning the first operation gestalt. 
[Drawing 31 It is drawing in the first example showing a com 
[Description of Notations] 
7--BCL 

9 ... Decoupling layer 

1 1 -- Antiferromagnetism layer 

1 3 - Magnetization pin layer 

15--NOL 

17 — Magnetization pin layer 

19 — Nonmagnetic spacer layer 

21 -- Magnetization free layer 

23--HCL 

25--NOL 

29 -- Bird bias film 

3 1 — Lead electrode 
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DRAWINGS 




15 : NOL 

!7:«<bfcf>H 

19 : WBttM 

21 : Wt? y -m 

23 : HCL 

25 : NOL 

27 : ^tv^I 

29 : /\— 

31 : U - KM 



[Drawing 21 



1 :«fi 
s : *s- m 

7 : BCL 

11 : 5&»H£JB 
i3:«Kbtr>« 
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[0067] BCL«:3»«tt/i^6a5x zvmimmjj 

LicMa^n^m«iS5W (Hcu Ba ) fc«ftif>Ji^60 
iiffilK^ (H pin ) <Dft**-*«H3:SCi:-c». 
pratn**8 0 t^T, H 80 - te, Hc« BCL +H P in BCL fcj:t> 

WET**. 

[0 0 6 8] ft. WM3 i ^^lit^-tyxfSoS" 20 

[0 0 6 9] COctd^BCLOaffcti. «5f8KI* k «E{k 

HSSftTV>*</>C:£fr£. Hpin BCL te, Sy-AF^JB^fc 

fc, ;^K/U77I2 9*Cct£H P i» m$,(D&W so 
ttJKiM^ffll^BCL^TWWfeKS'rSOT. 

[0 0 7 0] S?\ 8®1±&C. 3fcO*JIfr6*SXbT 

[00 7 1 ] Ta 3nm/NiFeCr 2nm/CoFe 1.5nm/NiFeCr In 
m/PtMn lOnm/CoFe 0 . 5iim/N0L/CoFe2nm/Cu 2 . 3nm/CoFeN i 
2nm/Cu Inm/TaO lnm 40 

X lO" 7 Torr^CFT. Ar#X^ffi^TlmTorr~l 
OmTorrO^fXffJCTJSMb^o fts DCV^hnyX^ 
-y£?£<D{ffi&C, IBD(Ion Beam Deposition) TaST^^t? 

tfT** f O^XESDCv^* h d VX/^ 7 ? «^ 9 feT 

[0 0 7 2] #lc, «-BO««»C-Dl^TH 1 *#!HLO so 
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[0 0 7 3] TaJltt/^^7r«3T* 
U Zr, Hf. W. Cr. V. Mo, Re. OsSS<D&JR-*f>*-n&© 

-&£*ffl^Tfc»bS:i\> ein60it>TfeW^ Ta, T 

[0 0 7 4] ^O_b0NiFeCr/lte. C <0_t/I<DCoFe. Ni 
¥eCr^(Dmfo±Lftffl& (fee) O (111) ®<D/1SE&C 

S©NiFe*^att>C-rSfc*fcx Cr*»ftlLT^* 0 Cr 
O^ADSti. 20%— (atomic %) #a$lA\> S 
fc, ^ni>(D^b9U:Nb N Hf. Ta, Ti. Mo. WH*5SSiD 
LTtlt>4^ S&lcSfc. fcc(in)IEftffixi§i£L 
T. #«tt©NiCi\ Cu, Ru, Re. Os. Pt. 2Efl£ttNiCu^ 

§ WST^JS-T *Uf' W77B3**H&LTfcJ;(,\> 
[0 0 7 5] NiFeCr/l<0±<DCoFe/Ite. BCL7T&DT 
*>'-KSOj»S^ctoTfcc(lll)ffilRlbTl^fc^+ 

113, 1 7*S©«*8#Hpi» BCL tCetoT. Kft^ 
[0 0 7 6] BCL7©*«tt»+»Tftl^, VSfflKjf 

(Hcu bcl ) ^aatfbtfvgi 3, 1 7**6<oaia«fiL ch 

[00 7 7] -O^S2p^ LT. (H cu BCL ) * 

fcT:/*fr&OW*«JP (Hpin BCL ) ^J:b^T, 1/10-1/5 
JKT©'h3t'4iWrt (He) "M&tUflBIBftif^ 

[0 0 7 8] BCL7 0X/^^^^— CC 
Tt±CoFe*ffl0^fc*\ NiFe. NiFeX(X=Cr. Nb. Hf, Ti. 
Ta. W. Mo)Ocfc5&JBS»3&. CoZrNb. CoZrTaOct^^: 

^^7 p N0L-SPSV(O*&tctiBCL7 l±TflfiB^ bTOSfiJ 
*Tti. CoFe^NiFeOct^ftttftW^a^Ll^o BCL 

[0 0 7 9] CoFe»±CDNiFeCrgli. ^14^T^OBCL7 

i:K*Ktt»i l T**PtllnJii:0««Wa«$*«IS 
JI5 fcnCMiFeCr^ffl^fto fc->- KS 5 U 
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[00 80] C CT\ -y 7>J H&fiStt 

Kl 1 iBCL7F.ST'£CTL£? tF^MT'&S,, 
01 lc^-r<fc?K. Kfiifi31$Bfil 1 

mit^M 1 3, 1 7fr£>©ilj&K!¥ (H P i» BCL ) 
tmift&l? (He* 1 ) ICt-aTs BCL7lCfrfr3fi£{fc7D 
IrJ (H Ba =H P i„ + Hc, B<1 ) ^[Rl^tC-rSi^gA^S 

Menu bcl7 ts^sattsi 1 tOF^fclS^W** 

[00 8 1 ] BCL 7 tfcftM&JB 1 1 t<DJjV7V 

g#&£ 0 ^(DTc&blC^ &g&NiFeCrO81JPte0.5nflr~5 
nmggtfS3;L<. 2£^S£L<tel~3nmgj^a£ 

TcV>, ±fBBWO«H##*l^ 0 
[0 0 8 2] NiFeCrHO±OPtMniI^K3iBitttt« 1 1 T 

*o±*c«»;jn5«{fc;tf>'Ji ccoFeji) 1 30 

PtMnO»&l±6niir-20nitfBfi^a*b<. ££lCSi:L 30 
<t±s 8nm~15ningStfaSLl\> 
[0 0 8 3] Sfc, 1 fcLTttPtllnWa* 

U^tf* PtMnOfrto&fcPdPtJIn^ IrMn. RuMn, RuRhM 
n. NiMru NiO. a -Fez Cfe #0 — ^"[RltCl^fk^fRj^SS*!" 

[00 8 4] PtMnJlO±OCoFe/N0L/CoFe#— f*0«{fc 
T^ifi^LT^So PtMn/flC^T^CoFe/Itf:, NO 
(BU NOLI 5t«:j;5»*©jK«WPtMn 

[0085] ^fc, aatfttrvjii 3. 1 7o«5ckjs# 
NOL-spsvT?iijp<ftD j f»-r^^«>x cn^mit^^m 1 

3, 1 70KjKBWfeT*a«»/>*^S93yfl*b 
Fe0.5nm£;&-pT^£tf. 0.3nm— 1 . SnnSffl^S* b 50 
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V\> CCTOK14#mCoFe-&£Ol£jb\ Fe, Fe3R-& 

Ni. Ni-&&§Tfc»b*lf\> 09 A ^ CoFeCr. CoFe 
B. CoFeCuSfcEt^SCfctfTSSo 
[0 0 8 6] NOLI 5 8. ttftevJBl 3*jS«Lfc* 

[0087] *jB«B*«ftrs*ttte«x BffXffi+ 

ffitfbevJIl 30T^5MU l STlMfcLft 

^± "5 icas-rsiewfts. 

[0 0 8 8] ■fcftUB«««'rS75FSSk:tt, »ft»*-y 

SSE*4f#**o CONOLl 5 0BUPt±. *50.1nni«±*?J 
5nm«T#a$ «FfciSL<^ ^lnmJ^±*U2nm 

JfitTWaSU^. NOLI 5 0±fc/RIRSn3«fl:£:/JB 

[0089] fi* L < «\ Co J f>CoFe-&&# <fc < N NiFe^ 
ftT&Mfettb\, fgBs ICtZfcOblC CoFe^&lCB, Cu^ 
SilTi" «JUtOaB6D3—10atomidtfrSC i:^ 
T££ 0 

[0 0 9 0] 1 7©±fc:iail*tiSCu»ttlf 

«1£®1 9t$^ l5l.5nm^&*?J3niDOBUP^aSb 

«fk7U-JB2 1 tmt^lsMl 7<D?$(Dm?$&& (in 
ter-layer coupling) <DflSJ?5&fitf if **r SOT. AS 
iO¥Ittl4I8?»So 

[0091] im*«. «ftbrv*i 7fc«ft7U-»2 

«ffcEW*S-&0»&t*So ^^^tcbTt, $>^»3^: 
^^Hi n i:tfg$ Hm oMi: LT 

ti. S5- 200eti±*5+ 200e£tT * Ur» (+ O £ # 

e^e>^J+100e*W^bV^o 
[0 0 9 2] CujlO±ti«ft7y— 12 1 £r&-rCoFeNi 

«14JB 1 9^CoFe^LTl^CoFe/NiFea/l^ 1 ;- 
A. #HCoFe7 'J ^JBCoFeNi^y— 
C^^RltlTftSo 3*«lW] TfflO>fc#ilCoFeNiii«Ni 

[0 0 9 3] (^5. N0L2 5 k:<fcSaa«^SI**&»*?J 
ffl-r*fc*4Kffc7y«-Ji2 1 0«W«:»^«3tf»Sl/ 



(9) 
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[0094] aat{t7U-S2 1 <D±^aw?nT^scu 

gtiHCL2 3T*&0> /W7X*-<vMBS!0Sft««r<ll 

C££J;oT, JBfcB3iDSti*«8IHBEHHai*« 
[0 0 9 5] fcfSU &SDHCL2 3*Jf <r*i:. 5/ 

aSU^ItLTH:, »0.3naiW±. »3nmKT> 

[0 0 9 6] ft. COHCL2 3 0«JSt*x 

©*t?lC$t)*TS^5^tt>OT'$So HCL2 3<0 
«JPfcot,vrtt % BCLBWOfcfcfcfc. flHcfFft-rs. 

[0 0 9 7] CuJI±<Z>Ta(tfr * 7^127 i4 % Mffi&fcf 

l\> *f«W\ TaOKttTfc* A10, Ti(k CrO. WO. V(k Zr 
0 S HfO, FeO, CoOftHO^OffiO^JRSfbft^tWba 

[0 0 9 8] N % **«|«T««ftt;>JBl 3, 17ff 

[0 0 9 9] hyf&'tyiClZ, TaO/Cu Inm/NiFe lnm/ 
CoFe lnm/Cu 2.2nio/CoFe 2nm/N0L 1.5nm/CoFe 0.5nm/Pt 
Mn lOnm/NiFeCr Inm/CoFe 1 . 5nm/Ta 3nm^Fi0^^o ll 

t% TJioTaott/^y^r/wwBEffc^y— mmmu 

±JB©CiJBtiHCL«Tflfi^— KJB. NiFeJBKTfCoFeJBtf 30 
E^lc»tt«*bT«ffc7y-Ji*«*U CuJftiX 
y-JBx CoFeil, NOU CoFeJBff. CoFeWi! "5 L*^3S 
«ttttftbfc«fbtfV«. PtMn®^S3fi«ttS, NiFeCr 
AftW^ftWRffll (f^7^JV^I) . CoFeBtfBC 

[0 10 0] HCL2 3<DRJPU:Ol,vt\ BIWr 

[0101] ttfflBKffH«i ttSBiffc^y— JB2 1 fc«LT 

[0 10 2] c(Dtt, NOL-SPSVTti. ffiSKHft^y- 
«OSfflJCJ:SMRgfk*(DW^t±N0Ll 5, 2 5IU 

s*i«?R««*te*o^ Kft7y-Ji2 io*a 

[0 10 3] Mfcmzit, HCL2 3<ORiPttflMEISi&B 
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Vh3WWST*S8fi. «*.tf¥*IW3iniCTa*iry 
^■2 7ftffl^T^aT*tltf, HCL2 3£ LTCu^rffl 
^T> JK)0.3nnOJl±. aH2imWT.fr* C ZtfVZ, g£ 
U<tt»0.5naOX±x *5j25nmWTi:rS C 1 3VT***o 
Kff<0±BBtis HCL2 3 0MiP^:/?<r*^s V h 
»i«T«*«ft:*«HttTbTLSdfc*-e*t). IfO 

[0 10 4] -75\ «ft7y-JB2 1 fctDto*ffl03ft« 

tt/Ifr&oSaKWMc^Tteu E£ft;£>/ii 3. i 

7 kZSy-APWBS*«*>"r, BCL7»Cj:0»«-r*««, BCL 

7 0«ft^^JcKfktfvii^iSi^^tcHS$tiSt>^ 

[0 10 5] i&OfflD. BCL7©aft75TfRl« 

<fc &BCL 7 ©«{b#lfc©H»ti:Sy-AFfc: «fc Sfi&tffcH» <fc 0 

[0 10 6] JCoT, ±15 (2) x^C*5#£H BCL <D±% 
««\ Jt^WKftlfvHl 3. 1 7fcE3MflRjteH»S 
tlfc«^<fct)fc/hS<** 0 Sy-AF*BB*C*W- 

4;W7X«lfflfcRIS©»**»fc5J:tSi:, Sy-AF 

^it^-^O^tt^cfc 0 £>BCL 7 OS 5 MKMatlP«« 
[0 10 7] Sy-AF«i}t£BCL7 ££>MfcJ\ 

fcf>@l 3. 1 7 <fcoT. BCL7t±B& 

fttf^Sl3. 1 7fctta!ift*<0«ffc*iftteH»2nS 
OT\ lfVjiO««BW»»»nJfJPl^«2Sy.AF«lJfi 

[0 1 0 83 Mk SS£*ffi«#ttfc IT N «{ttr>» 1 
3, 1 7 0*«WW«+»JP<. t>X«WKH-»** 

sso»*%«rtitf, (i) , (2) s*SBfcsi;fcr 

[0 1 0 9] LLG (Landau Lifshits Girbard) ^^^O 

££Z, Sy-k¥tit^rct^lC BCL7 0tfV^fb^fRlO 
^F«^5 14*570%^ 6»595%"P*o^o Ogt>. BCL7t±S 
y-AF#Btfc^»*-«tt»(Dl . .4tt0tt«OaWtf 

[0 110] S^aaittBffllRKftifvSl 3^«»ISP 

ti N CoFe»WT**9l.0niDW± N *D3nmJWT (NiFe^PTSD 
1.8natt±. *95.4rm£tT)fc:&?K (2) S^<fcS*S» 
^V?ia«W^fc*!)tCfFS^n*At:pin (Atpi- «(MsX 
t) P in — (MsXt)Ba ) N 0.5nmT'-'2niDT^:OT 5 . BCL7lCcfc 
S / b TSriRl^OSSa If VBK^MJPtiO . 9nmT-4 . 9nmT 

[0111] in^T, BCL7 lc^Ric&B*KJPii±2 

Sy-AF^O-«lMO»l. 1*^6*91. 4«OM 
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T> CoFeg5^T*90.6nm^±. Jfa3.8nmtTF&fii:&So 

[0 112] CCm R»«ttil«l«ftk!>Jil 30 
«SU«jPtf»<T?*5Ci:*a«bfcWx SMSBcttNOL 
1 5**&»frk:H:ff<a*OT. aSLUBHfcl/C 
H\ MiFdft»T»1.8iMW±. ^4.5nmJ^T^ CoFeg^T 
**Hnm«±. »2.5nm£(""F#«J:</\> 

[oi 13] nmmi<DmMi$x*BCLmm<DMmm*&tb 

is 3 3 tc^*To 10 

[0 114] Atpm of zero asymmetry [nmT] fc£ N AJff 

**WM£ Cr^V* hU) tf#6ti*fceoAtn. ©fit 
-e*So Sfcx t^if^HS (Pin fixed) tiBSffclf 

SttHlfc^L. Hua 800[0e]fc400[0e]l±«{b£>JB<D 

[0 1 15] /\-F«/y-K«BBBK«"e»**«* 
fiSl36SM2 8Oh^^^l|Hti0.5iniiK /WM£0.3mmT 20 

[0116] B3tfcvT, sum^— Ymmowatf} 

4i?T^t), /N— FHO««iWI (MsXt) hard £7 

v~m<omm.mm (msxo ©jtr-^e-ns. 51 
f-tfyy^x^uamBH-pofflWiiTSfes. fas, -t 

[0 1 17] g/c, 02tCfc^T, «»4li/W7X^ 

>h« | «wre»9T, mmffi&mmrn&&i*xi\z.i&i 30 

3 t *<DBCL 7 ©KPT-itS •? . ^MtilNiFe^SOK^Bi 
JP(nn.T)T:\ ^Wcfaftfiggftl .8T<DCoFe&»<0&JP£jjs 

[0 118] *©tt*. ffltftfcf^Bl 3. 1 7CD-MS 
TjffihialCfcoT&g&Sjb^ BCL7 #«afn®tffcl .8TOC0 
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FetL;fc»&©IW*a\ ttlnmfit±x tt2.5nm«T#»S 

[0 119] en&©«Htt, lf«ttS»mSHCL2 3 
OMP&W*tll*Jlfe'>e£* BCLflgJP&ffVMRIfc:, Huatf 

5. 

[0120] 

[sswoawRi *fls»x aft«x «ft», a&^ttfcftw 

[0S©f§#fci&Bji] 

[0 1 ] m-<ontmmc&zm%.is.m}Skii&<Di8iffi 
[02] »— osei^»»c«s*i![fi*iS(i**Fo-'<-r 

35 So 

[0 3] »—©*«Wte*»5, tt»^I^it§T'^ 

So 

[W^^attB^] 

7 -BCL 

1 1 -K&ttttJI 
1 3-afte>» 
1 5-MOL 
1 7-JKfbtf^Jl 

1 9- •■JMftX'<- 9-S 

2 1 -mityv-m 

2 3-HCL 
2 5-NOL 

2 9 

3 1- V-FW 



«fBH 2002-232035 



[01] 



[02] 



31 29 



1 :£1S 
3: /<y 7t» 
5: KH 
7:bcl 

9:5*a*y:/'J>?JB 
11 :/x&fift£H 
I3:ta<bfcf>li 



15 : NOL 
i7:ffittfcf>0 
19 : Kmtm 
21 :«<b7'J-B 

23 : HCL 
25 : NOL 
27 : * + y 
29 : J\- K/<-f 

31 : U - Km 




[03] 



5 
4.5 
4 

3.5 
3 

2.5 
2 

1.5 
1 

0.5 
0 



Hin = 20 Oe. HCUt&ftHMfi' 



" --D-- Pin fixed 

— «— Hua 800 Oe 
■ — Hua 400 Oe 
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^ HCUfclfc 
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1 400 


ffil 
T.. 














O 

CD 








3.. 






-4mA 




4mATJ 






mm 


) 
















'--? 



CD 

ha 



Hard bias strenght [Mst hajf ^ /Mst ^ ] 



(51)Int.Cl. 7 

H 0 1 F 10/30 
10/32 
H 0 1 L 27/105 



F I 

HO 1 F 10/32 

G 0 1 R 33/06 

HO 1 L 27/10 



4 4 7 
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w^ii»/n^riJ#E/MRi*2Bri mm 

*gtf±jR2W??F,SSg-t? > ? - n 

mm z>z& 

(72) %qB# ma se 

#3SsjiijR;n«m#K^i<wi2nri #« 



(72) fiitg iSSI 

a #^unuii(t$$E/M]Ksnri««& 
A*tt*2 mm»i-fe > * - 

F£— A(#%) 2G017 AA01 AB07 AD55 AD65 

5D034 BA03 BA05 BA12 BA15 CA08 
5E049 AA01 AA04 AA07 ACOO AC05 

BA12 CB02 DB12 CC02 
5F083 FZ10 GA30 PR22 ZA19 



